AQGENCY POR INTERNATIONAL DEVELOPMENT ’0. "D u’! ONLYARDA 7
WABSHINGYON, D. C. 20822
BIBLIOGRAPHIC INPUT SHEET 541‘6 h ¥

. sussecr | “Food production and nutrition AF00-0100-6570

CLASSI.
B, SECOHDARY

FicaTion 1 Plant production--Cereals--Asia

2 TITLE AND SUBTITLE
Source of output growth in Asian food grains

3, AUTHOR(S)

Barker,Randolph; Apiraksirikul,Sumalee; Antiporta,Donato
4. DOCUMENT DATE 8. NUMBER QOF PAGES 8. AiE:NUMBER
1977 -3 /s, ARrc

7. REFERENCE ORGANIZATION NAME AND ADDRESS

IRRI

8. SUPPLEMENTARY NOTES (Sponsoring Organisation, Publishers, Availabiiity)

(In IRRI paper no.77-2)

9. ABSTRACT
This paper was presented at the Conference on Strategic Factors in Rural Develop-
ment in East and Southeast Asia, under the sponsorship of the Council of Asian
Manpower Studies, held at Pasay City, Philippines, December, 1976. Its purpose
is threefoid: 1) to observe the changes in output, area, and yield of the major
food grains - rice, wheat, and corn - over the past two decades in Asia; 2) to
measure for rice the contribution of increased fertilizer use and irrigation
‘development ot output growtn; and 3) to interpret the experience of the past two
decades in terms of its significance for sources of output growth in the decade
ahead. The analysis is conducted on a national basis for 12 countries in South
and Southeast Asia. Taiwan and South Korea are also included in the analysis for
comparative purposes. Growth rates are calculated for area, yield, and production
during two time periods, 1955-1965 and 1965-1973. This reflects the pre and post
high-yielding variety (HYV) situation. Agricultural output can be increased
through the expansion of cultivated area or through an increase in the produc-
tivity of the existing land area. Prior to 1960, the expansion of the land
area was the principal source of output growth in Southeast Asia. The closing of
the land frontier after 1960 has necessitated a shift toward the use of modern-
yield-increasing inputs. Significant yield gains were achieved through the
introduction of modern fertilizer responsive varieties in the last decade.
However, more research will be needed to provide answers to critical questions
about the further expansion of modern technology and development of water
control. The efficiency with which irrigation and modern inputs are developed
and used must be improved or output growth will be slowed down and the cost of
food grains will rise.

10. CONTROL NUMBER 11, PRICE OF DOCUMENT
W-AAF-0//

12, DESCR!PTORS . 13, PROJECT NMBER

251? E¥°dUCt1Vity 14, CONTRACT NUMBER
rain crops ce AID/ta-G-1074 GTS

Maize Wheat 15, TYPE OF DOCUMENT

AlD 890+1 f4-74)









SOURCE OF OUTPUT GROWTH IN ASIAN FOOD GRAINS*

Randolph Barker, Sumalee Apiraksirikul, and Donato Antiporta**

Agricultural output can be fncreased through the expansion of
cultivated area or through an increase in the productivity of the
existing land area. In South and Southeast Asis vvior te 1900, the
expansion of land area provided the principsl sourer of cutput svowth
Néw lends were opened up at a pace rouphly in keeping with tha groswth
in the agricultural labor force.

The gradual closing of the land frontier siter 1960 - rnore pro-
nounced in rice than in upland crops -- has neceagitiuted » shift toward
the use of modern-yield-incressing fupute. The reed with which this
transformation occurs determines the degree to which ontpui can keep pace
with population growth and generate the foid surpsises needed for asri-

cultural developnent.

*This paper contains materials which bave been developed for the
Second Asian Agricultural Survey currently bzing conducted wy the Asian
Development Bank. It should not be quoted ur cited without the tunsent
of the authors. This paper was presented at the Conference on Jtratesic
Factors in Rural Development in East end Southeast Asia, under the sponsor-
ship of the Council of Asian Manpower Studies, held at the Puilippine
Village Hotel, Pasay City, Philippines, December 18-23, 1976.

*xpgricultural Economist, Department of Apricultural Econowics, (2RI,
Los Bafios, Laguna, Philippines: formetv Research Scholsy, Department of
Agricultural Economics, IRRI and currently member ~f the facultv, Yasetmart
University, Thailand; Assistant Professor, ingtitute of Agricultural Deve-
lopment & Administration, University of the Philippines at Los Lafios,

Laguna, respectively.



The means for achieving a rapid transformation appeared to be at
hand in the 1960s with the development ~f the so-called high yielding
varieties of rice and wheat. But it is now generally recognized that
while food production has kept pace with population growth in t he region
as 8 vhole, we seem to be no nearer to solving the food problem today
than we were a decade ago. In fact, the question has been raised that
the "green revolution'" may be running out of steam.

The purpose of this paper is threefold: (a) to observe the changes
in output, area, and yield of the major food grains -- rice, wheat, and
corn -- over the past two decades: (b) to measure for rice the contribu-
tion of increased fertilizer uge and irrigation development to output
growth; (c) to interpret the experience of the past two decades in terms
of its significance for sources of output growth in the decade ahead.

The analysis is conducted in a national basis for 12 countries in
South and Southeast Asia. Taiwan and South Korea, two East Asian countries
in a more advancel stage of development, are also included in the analysis
for comparative purposes. Growth rates for area, yield, and production
are calculated for two time periods, 1955-1965 and 1965-1973, reflecting

the pre and post HYV situation.

OUTPUT GROWTH TN CEREAL GRATNS

In this section, we examine the changes in output growth and the
technical factors that have influenced this growth for the major cersal
grains -- rice, wheat, and corn. Rice is the most widely grown of the
cereal grains being the main food staple in most of Asia. Wheat is grown
principally in Northern India, Pakistan, and Afghanistan. Comn is grown

widely in a number of countries in South and Southeast Asia.



The initial high yielding semi-dwarf varieties of wheat and rice
came principally from Mexico and the Philippines, respectively, but to
a large degree, have been replaced by locally-developed crosses between
exogenous lines and local materials. There has been no comparable
breakthrough in corn yields although the growth in corn production con-
tinues to be very pronjunced in some parts of Southeast Asia. Table 1
shows percent of the area currently devoted to the high yielding
varieties of rice and wheat. It is clear from this table that there
fs considerable variation in the rate of adoption among countrias.
There has also been considerable variation in adoptions within coumtries,
the varistion appearing to be related more to physical environment than

to institutional factors.

RICE

In the mid-1960g prior to the introduction of the new varieties,
the general level of rice yields in South and Southeast Asia was very
low compared to Taiwan, South Korea, and other countries with a longer
history of exploiting the potential for increasing farm productivity
and output by the application of science-based technologies (Table 2).

In the mid-1950s, the rice yields of 2.6 t/ha in Korea and 2.8 tons
in Taiwan were twice the level obtained in South and Southeast Asian
countries apart from Indonesia and Malaysia where yilelds averaged
about 2 t/ha; and by the mid 1960s, the differential was even greater

because of the more rapid technical progress in Korea and Taiwan. In

the period since 1965, however, Pakistan, Indonesia, Sri Lanka, and



the Philippines registered annual increases in yield in excess of 27
and narrowed the gap. It will be noted that the rates of increase in
rice ylelds in Yorea and especially in Taiwan were substantially lower
during the 1965-1973 period than in the previous decade suggesting that
relatively little "slack" for potential yield increases remained. 'ow-
ever, beginning in 1971 in Korea, the introduction of a new generation
of high yielding varieties obtained by crossing Indica and Japonica
varieties significantly raised the yleld ceiling and the rate of growth
of rice yields has again accelerated.

By the early 19,0s, it was becoming apparent in many Asian countries
that there was very little land remaining that could be developed into
rice paddies at reasonable cost. In order to maintain the existing
production trend (let alome increase production), it was essential to
introduce a yield increasing technology. It will be noted subsequently
that the land area constraint does not appear to have been operating in
the same manner in the case of either wheat or corn. Between 1955-65
and 1%55-73, there was a substantial decline in the contribution of
land area to rice output growth from 1.3% per annum to 0.3% for South
and Southeast Asia as a whole. Unfortunately, official government
statistics normally report gross rather than net area. The decline in
the net area has been offset to some degree by the expansion of the area
double cropped. We will discuss this in more detail in the next section.

To what degree was an increase in yield able to compensate for the
area decline? 1In Table 2, the countries have been ranked from top to

bottom according to the growth in rice yield in the period 1965-73. 1In



Pakistan, which heads the list, rice is growa under conditions of con~
trolled irrigation and dry climate ideally suited to the new varieties.
The increase in vields exceeded 67, pe. annum and total rice output

grew at 7.57 per annum. This was associated with a remarkably rapid
increase in the percentage of rice planted to high yielding varieties
from legs than 17 in 1967-68 to 42% in 1973-74. In fact, the success
of the new varieties in Pakistan led to a decline in the acreage of the
high quality local basmati rice which commands a premium in the export
markets. To protect the supply the government raised the support price
of basmati to twice the level of the high yielding varieties.

Burma, Bangladesh, and Thailand all have experienced a very low
growth in yields. All three countries are located in major river deltas.
The development of rice production in these deltas during the latter part
of the 19th century resulted in substantial surpluses and brought Burma
and Thailand to prominence as rice exporters. It is paradoxical that
the enviromment which favored surplus rice production in this earlier
period has been unsuited for the new varieties. The major deterent to
the adoption of these varieties in these three countries and elsewhere
has been the lack of water control. FEither too little or too much water
can seriously affect the development of these varieties. Due to their
shorter stature and shorter growth duration, these modern varicties are
frequently mcre sengitive than the local varieties to flooding and
drought. The risk of applying fertilizer and other inputs is naturally

i{increased under uncontrolled water conditions.



The experience of India on a country wide basis has been similsr
to the regional avergge, but the national average obscures the marked
contrast between different parts of India. North India compares
favorably with Pakistan in both adoption of new varieties and yield gains
while in much of the waterlogged areas of Eastern India, growth in yield
has been low during the wet season and local varieties still predominate.
Many farmers in these regions adopt new varieties and modern inputs
during the dry season, but switch back to the traditional varieties
during the wet, again emphasizing the impact of the physical environment.

Sri Lanka, Indonesia, and the Philippines, all experienced a growth
in yleld per hectare in 1965-73 in excess of 2%,. These countriesg also
have placed major emphasis in recent years on the development of irriga-
tion and expansion in the area double cropped. In six countries,
the growth in rice cropped areas has exceeded 1% per annum. In Sri Lanka
and Malaysia, the growth in cropped areas has exceeded ¥.and 4% per annum,
respectively. Growth in total rice production has exceedea growth in
population in the above four countries plus India and Pakistan. In the
remaining countries of the region including Nepal, Bangladesh, Bumrma,
Thailand, Laos, and Cambodia, growth in rice output has not kept pace with
population growth.

Based on yield data from experiment stations in a number of locations
in Asia, the yield potential of the high yielding varieties is about
6.0 t/ha in the dry season and 4.8 t/ha in the wet season (Herdt 1976).
In India, the yield of the new varieties (average of two seasons) was
initially a little over 2 t/ha compared to about 1 t/ha for traditional
varieties (Dalrymple 1975). Part of this gap between the experiment

station and farm yleld may be explained by differences in the method of



estimating yields, but even allowing for this, the gap may be as much

as 3 t/ha. e believe that a major nortion (perhaps 2/3 to 3/4) of this
gap can be explained bv the differences between the environment of the
experiment station and the farmers field. TFurthermore, as the new
varieties have spread over time tc less favorable environments, the
yields on farmers fields has been further reduced in India enlargin~ the
size of the gap.

To the degree that this gap can be explained by environmental
differences, we can refer to it in the short-run as a technical gap. It
is clear that there is still a large portion of the Asian rice-groving
environment for which the existing new varieties are not suited. ~n the
long-run, decisions can be made to either improve the environment or
tailor varieties to the poor environment, and in this context the issue

takes on a socio-economic dimension.

WHEAT

The introduction of high yielding, semi-dwarf varieties from :lexico,
which began in 1965, has had a quite different impact than the new rice
varieties. Wheat is the dominant cereal only in Pakistan, Afghanistan,
and in Northern India. Consequently, the areas affected by the new
varieties of wheat has been considerably more limited. Although the
yield gain in Afghanistan during the 1965-73 period was relatively
moderate, it represented a significant reversal of a declining trend

(Table 3). Moreover, it meant over a ten-fold increase in the rate of

growth of wheat output from a mere 0.2% between 1955 and 1965 to 2.4
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despite the fact that the growth in area planted to wheat declined
from 1.17 to 0.3% between the two periods.

The rates of increase in wheat yields in Pakistan and India were
particularly impressive. In India, the increase was assoclated with a
rapid increase in yield and expansion of the area planted to new varie-
ties. The rate of increase in yield in Pakistan was slightly higher than
in India, but the rate of growth in wheat area was not nearly as rapid.
Nevertheless, the 7.57 annual growth rate in total output meant a very
large increase in production. From an average level of 4.2 M tons
during the years 1963-67 output rose to nearly 7.3 M tons in the 1970-74
period.

In Tndia, wheat production more than doubled between 1963-67 and
1970-74, rising from 10.9 to 22.4 M tons. 1In the earlier period, wheat
output was only 247 as large as rice production, but in the later period
the wheat crop on average was nearly 407 as large as the output of paddy.
In fact, the 12.5 M ton increase in wheat production accounted for a
littie over half of the total growth in cereals output between 1963-67
and 1970-74. It was, thus, the major factor responsible for a reduction
in cereal imports from an average level of 8.2 M tons during 1963-67 to
an sverage of 3.5 } tons in the later period. The levels of wheat pro-
duction attained in India and Pakistan during 1970-74 period are especially
impressive given the reduced availability and high cost of fertilizer
during 1973 and 1974. It 1s also worth mentioning that wheat production
more than doubled in Bangladesh between 1963-67 and 1970-74, although

it remained a minor crop compared to rice.



Thus, we can see that unlike rice, which encountered a land
consgtraint, output growth in wheat has benefited from an expansion in
the growth of area and yield. As the new varieties took hold in the
Punjab and other parts of Northern India, they spread rapidly to the
southeast down the Gangetic Plain into the Eastern Uttar Pradesh, and
the northern portions of Bihar, West Bengal, and Bangladesh -- wherever
water was avallable. In some cases, the wheat replaced inferior grains
such as corn, sorghum, or millets or to a lesser extent, pulses. In
other cases, it was possible to grow two crops, wheat followed by rice,
where only one had grown before.

Wheat yields on the experiment stations were about 4-1/2 t/ha and
were initially about 2-1/2 t/ha in farmers field in India. Thus, the
yleld gap was almost as large as in the case of rice. Environment is
also a critical factor explaining this gap. As the new wheat varieties
spread and the area expanded rapidly, the yield gap widened and average
farm yields of high yielding varieties fell to only 1.5 t/ha (Dalrymple
1975). We can only conclude that among the more recent adopters, the

environment is not as well suited to the new varieties.

CORN

Among the countries of South and Southeast Asia, corn is of con-
gsiderable importance in Afghanistan, Nepal, Pakistan, India, Indonesia,
the Philippines, and Thailand. In all countries except Thailand, the

bulk of the corn crop is consumed domestically as a food grain.
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Only Pakistan, the Philippines, and Thailand registered significant
increases in output between 1963-67 and 1970-74. As noted previously,
there has been no major technological breakthrough in corn. 1IMuch of
the increase in output has been due to area expansion, although there
has been steady progzress in yields, particularly in the Philippines.
Downy mildew, a fungus disease, continues to be a major constraint to
increase in corn ylelds.

The most spectacular growth in corn production has been in Thailand.
The development of the export market and opening up of new areas to comrm
production was stimulated by the construction of new and improved
highways. Essentially, all of the Thai crop is exported as a livestock

feed principally to Japan and Taiwan.

SOURCE OF OUTPUT GROWTH IN RICE

The contributions of irrigation and fertilizer to output growth in
rice are examined in more detail in this section. The first step is to
breakdown the contribution of area and yield in more detail (Fig. 1).
Aggregate crop area changes can be due to a change in the total land
area and the area double-cropped. Aggregate yield increases can be
partitioned between increases due to a higher proportion of the area
irrigated and a higher use of yield-increasing inputs, such as new seed
and fertilizer. In the computation procedure we use initially, this
latter contribution is calculated as a residual.

Following the above format, we examined the sources of output growth

in the Philippines (Table 5). 1In the earlier period, the major contribu-
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tion of increased production was irrigation (double cropping and
quality) which accounted for 1.827% of a total 2.41% annual growth.

Land area expansion and seed-fertilizer were not important. 1In the
latter period, the contribution of land area became negative due
principally to the decline in upland rice. The contribution of irriga-
tion expanded with the area double-cropped more than offgetting the
decline 1in net area. New varieties and modern chemical inputs
accounted for an output increase of 2.007 per annum.

Mellor (1976) has undertaken a similar analysis of food grains
in India, although his input classification is somewhat different
(Table 6). Nevertheless, there is a similarity both in magnitude and
sources of output growth for rice in the Philippines and for food gains
in India. The shift toward fertilizer and irrigation as the major
source of output growth in the 1965-73 period has been significant in
both countries.

There 1s difficulty in extending the analytical procedures followed
in the Philippines to other countries because of thelack of data on the
rice area double-crop irrigated. In Mellor's analysis he assumes, in
calculating the contribution of fertilizer, that 1 kg of fertilizer
nutrients (N, P, or K) will produce 10 tons of grain. Using this same
rule of thumb, we computed the contribution of fertilizer for the
Philippine situation. The values, shown in the last row 6f Table 5,
compare favorably with the method of calculating fertilizer contribution

as a "residual."
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Table 7 shows the change in the area irrigated and the contribution
of fertilizer to output growth from eight Asian countries from the mid-
19603 to the early 1970s. The contribution of fertilizer is estimated
using the same rule of thumb, f{.e., 1 kg N, P, or K ylelds 10 kg of rice.

In India, Indonesia, the Philippines, and Sri Lanka, yield grew at
2.4 to 2.97 and fertilizer at 10.4 to 19.8% accounting for a major por-
tion of the yield increase. However, the residual, in this case identi-
fied principally with a rise in proportion of irrigated area, also
contributed importantly to the yield growth in all four countries. In
India, growth in irrigated rice area was 1.6% per annum, but in the other
three countries, the growth has been from 2.7 to 3.0%.

Burma and Thailand present a very different picture. In Burma, there
has been very little growth in production, while in Thailand, growth in
production is due almost entirely to continued expansion of unirrigated
area. In fact, the proportion of irrigated to unirrigated area declined
which must have had a depressing effect on yields.

Still another situation is reflected in South Korea. Irrigation
development and fertilizer continue to be important sources of output
growth. But, because the level of fertilizer input is already very high,
the level of fertilizer efficiency appears to be less than in the other
countries. Assuming that 1 kg N, P, or K produces 10 kg grain results
in a fertilizer contribution in excess of the total yleld gain and,
hence, a negative residual. It seems most likely that the efficiency is

much lower than this.
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In Taiwan, production growth has been only 0.47 per sannum. Both
the area in rice and the amount of fertilizer per hectare seem to have

declined slightly.

FUTURE SOURCES OF GROWTH IN FOOD PRODUCTION

Summarizing our analysis of the previous two sections, Asian countries
can be divided into three broad categories in terms of their performance
in rice output growth over the past decade: (a) thogse who have been able
to maintain a fairly rapid growth of 27 or more by combining an expansion
in irrigation with modern inputs -- India, Indonesia, Malaysia, Pakistan,
Philippines, and Sri Lanka; (b) those whose growth rate has been slowed
down in major part by the inability to boost yields through extensive
adoption of the modern seed-fertilizer technology -- Bangladesh, Burma,
and Thailand; and (c) those whose growth rate has slowed down because
they appear to be approaching a ceiling in terms of the yield potential
of the technology -- South Korea and Taiwan.

We assume that these latter countries are sufficiently far advanced
in terms of economic development that acquisition of adequate food supplies
will provide no serious problem. But the question of how the growth in
rice production will be maintained in the developing economies of South
and Southeast Asia remains a critical issue.

A decade agon, most countries in the region were just begimning to
expand their use of fertilizer and other modern inputs. The advent of
the modern varieties has greatly speeded up this process. But it now

appears that much of the slack has been taken up with the adoption of
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new varieties and modern inputs in the suitable environments. In the
absence of new land areas suitable for rice production, there are now
three alternatives for expanding output growth in the decade ahead:
(a) to close the gap between farm yield potential and actual farmer's
yields through the improvement of extension systems, credit, and input
distribution, etc.; (b) to expand and improve the irrigation system so
that an increasing proportion of the cultivators can take advantage of
the existing modern seed-fertilizer technology; and (c) to develop
varieties of rice that are fertilizer responsive but better adopted to
the less favorable soil and water enviromments of Asia.

Herdt (1976), in his paper, has discussed the potential for raising
yields through the first method of getting farmers to make fuller use of
existing technology. Fig. 2 (Moorman, unpublished) shows conceptually
he alternatives for raising yield potential. In the case of rice, by
improving the environment through irrigation, land type 2a can be shifted
to land type 1. Alternatively, this can be accomplished by changing the
plant type to suit the environment.

Over the past few years, the International Rice Research Institute
has been working on this latter alternative. As yet, however, new
varieties and technology that substantially raise the potential of the
areas of poorer water control have not been developed. There appears
to be no prospect for a major breakthrough in the near future.

The above discussion suggests that maintaining output growth in
the decade ahead is going to be more difficult and more costly than in

the past decade. The potential rate of growth in rice production now
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depends principally on the rate of development of water control irri-
gation and drainage. There appears to be a growing recognition of the
importance of irrigation in many of the developing countries. But given
the high cost of irrigation development, there is surprisingly little
interest on the part of either national governments or international
lending agencies in developing ways to minimize the cost of development
and to improve the efficiency in operation of the system.

In summary, output growth of Asian rice and food grain production
1s becoming increasingly dependent upon the use of modern inputs and
development of irrigation. In the last decade, significant yield gains
were achieved through the introduction of modern fertilizer responsive
varieties. But much of the slack seems to have been taken up. As we
look to the decade ahead, more research will be needed to provide answers
to critical questions regarding the further expansion of modern technology
and development of water control. If we cannot improve the efficiency
with which irrigation and modern inputs are developed and used, we will
almost certainly witness a slowing down of output growth and a rise in

the cost of food grainms.






Table 1. Estimated area planted to high-yielding varieties (HYVs) of rice and
wheat in Asian developing countries, 1973-74.
Wheat
Area % of Area T of
Planted Total Planted Total
to HYVs Rice to H'Vs Whant
(000 ha) Area (000 ha) Area
Sri Lanka 368.4 64.5
Philippines 2176.6 63.4
Pakistan 636.6 42.1 3472.3 59.7
Malaysia (West) 217.0 36.7
Ipdonesia 3100.8 36.6
South Vietnam 890.0 31.1
India 9718.2 25.6 10911.0 57.4
Nepal 205.1 17.1 206.8 75.3
Bangladesh 1584.8 15.6 29.1 23.1
Korea, Rep. of 139.0 11.7
Burma, Union of 252.6 5.1
Thailand/ 400.0 5.0
Afghanistan 475.0 16.1

1/ Unofficial estimate.

Source: Dalrymple, Dana G., "Development and Spread of High-Yielding Varieties of

Wheat and Rice in the Less Developed Nations," Economic Research Service,

U. S. Department of Agriculture in Cooperation with U. S. Agency for
International Development, August 1976, p.110, 112, 1145,



Table 2. Summary of paddy yields and annual compound growth rates of paddy area and
yields in selected Asian countries.
1/ Annual Growth Rate (7)
Paddy Yields (ton/ha) 1955-65 1965-73
Country 1955 1965 1973 Area Yield Area Yield
Pakistan 1. 1.5 2.4 3.25 1.21 1.11 6.44
Indonesia 2. 2.1 2.7 0.90 0.51 1.84 2.76
2/ 3/ 3/
Sri Lanka 1. 1.9 2.3 2.88 2.10 3.16™ 2.37—
Philippines 1. 1.3 1.6 1.24 1.1C 0.86 2.52
India 1. 1.5 1.7 1.26 1.30 0.61 1.86
Korea, Rep. of 2. 4.3 4.9 1.08 4.90 -0.12 1.82
Malaysia (West) 2. 2.5 2.9 3.41 1.97 4.67 1.72
Burma, Union of 1. 1.6 1.7 1.93 0.94 0.13 0.71
China, Rep. of 2. 3.9 4.0 -0.03 3.53 ~0.30 0.45
Bangladesh 1. 1.7 1.7 1.10 1.98 0.60 0.45
Thailand 1. 1.9 1.9 1.73 1.73 1.84 0.23
Nepal 0. 1.9 1.7 -1.71 8.24 3.02 -1.42
South & Southeast
Asia* 1. 1.6 1.9 1.28 1.41 0.91 1.71

*Countries included in South and Southeast Asia are Bangladesh, India, Nepal,
Pakistan, Sri Lanka, Burma, Indonesia, West Malaysia, Philippines and Thailand.

1/ Five year moving averages centered on the years shown.

2/ Average for 1970-74.

3/ Annual compound growth rate for 1965-72.



Table 3. Summary of wheat yields and annual compound grouwth rate of wheat area and yields in
selected Asian countries.

1/ Annual Growth Rate (%)
Wheat Yields™ (ton/ha) 1965-66 1965-73
Country 1955 1965 1973 Area Yields Area Yields
Pakistan 0.7 0.8 1.2 1.87 1.56 1.41 4.76
India 0.7 0.9 1.3 1.36 2.67 4.68 4.91
Afghanistan 1.0 0.9 1.1 1.07 -0.88 0.33 2.08
South & Southeast Asia¥* 0.8 0.8 1.3 1.49 0.62 3.51 5.34

*Countries included in South and Southeast Asia are Afghanistan, Bangladesh, India, Pakistan and Burma.

1/ Five year moving averages centered on the years shown.



Table 4. Summary of maize yields and annual compound growth rate of naize areas and yields
in selectedd Asian countries.

1
Country Maize Yields—/r(ton/ha) Annual Grouth Rate (%)
1955 1365 1973 1955-65 1965-73
Area Yield Area Yield
Philippines 0.6 0.7 0.8 .46 1.04 3.48 2.27
Thailand 1.3 1.9 2.2 23.59 4.2 8.36 1.30
Indonesia .9 1.0 1.1 3.32 .15 -).69 1.15
India 0.8 1.0 1.0 2.56 2.7¢ 2.18 U.Nn5
South & Southeast
Asia* 0.9 1.0 1.1 3.18 1.66 1.94 0.67

*
Countries included in South and Southcast Asia are Afghanistan, Bangladesh, India, Nepal, -

Pakistan, Sri Lanka, Burma, Indonesia, tlest Malaysia, Philippines, and Thailand.

1/ Five year moving averages centered on the years shown.



Table 5. PHILIPPINES: Annual average growth rates in production, area
and yield of rice, 1955-1973.

1955-65 1965-73 1955-73

(in percent)

Production 2.41 3.43 2.86
Area 1.24 0.86 1.07
Physical area 0.30 -0.83 -0.17

Double cropping 0.9 1.69 1.24

Yield a/ 1.10 2.52 1.73
Quality 07 land 0.88 0.52 0.84
Residuall 0.22 2.00 0.89

(0.29) (1.72) (0.91)

g/ This measure reflects the proportion of land in irrigated, rainfed or
upland palay.

b/ This measure reflects the use of the modern seed-fertilizer technology.

Figures in parenthesis are the changes in yield due to changes in use
of fertilizer assuming 1 kg N, 2, or K produces 10 kg paddy.

See Appendix for calculating procedures.



Table 6. INDIA: Annual average growth g?tea in foodgrain production
attributed to specified input.—

1955-65 1965-73 1955-73

(in percent)

Production 2.21 3.33 2.71

Unirrigated land 0.06 0.11 0.09

Irrigated land 0.36 0.89 0.61
b/

Intensification of labor™ 1.25 0.45 0.82

Fertilizer 0.54 1.88 1.19

a/ Adopted from John W. Mellor, The New Economics of Growth, Cornell Univ.
Press, 1976, Appendix Table 9, See Appendix Table.

b/ This value is comparable to '"quality of land” in Table 5, since in both
cases, the measurement is the effect of increasing yield as a consequence
~of a higher proportion of land area under irrigation.



al/

Table 7. FEstimated ghares in paddy output attributed to areca and yield.—

Attributed to Area

Attributed to Yield

Production Irrigated Unirripated Upland Total Fertilizer Residual Yield
(000 m.t.) ( thousand hectares) (kg.of NPK/ha) (ton/ha)
INDTA
Average 1963-67 52,503 13,412 22,434 - 35,846 7.777 1. 465
Average 1968-72 61,319 14,460 22,764 - 37,252 19,198 1. 646
Annual Compound Growth Rate 1965-70 3.2 1.6 0.3 0.8 19.8 2.4
(19.2) (5.8) - (25.0) (47.3) (27.7) (75.0)
INDONESTA N/
Average 1963-67 15,478 5,739¢; - 1,510 7,249 9.000 - 2.134
Average 1970-74 21,571 6,923~ - 1,337 8,260 28,907 - 2.61G
Annual Compound Growth Rate 1965-72 4.8 2.7 - -1.7 1.9 18.1 - 2.9
(46.4) (-6.8) (39.6) (25.2) (35.2) (60.4)
e/
PHILIPPINES
Average 1963-67 4,113 1,102 1,508 549 3,159 7.61 1.352
Average 1971-75 5,386 1,394 1,578 411 3,383 24.90 1.592
Annual Compound Growth Rate 1965-73 3.4 3.0 0.6 -3.6 0.9 16.0 2.5
(33.1) (7.9) (-15.6) (25.4) (44.5) (30.1) (74.6)
SRI_LANKA e/ a/
Averapge 1958-62 839 314 233 - 5475/ 18.1 1.625d/
Average 1966-70 1,298 392 258 - 650 40.0 1.93;_
Annual Compound fCrowth Rate 1960-68 4.8 2.8 1.3 2.2 10.4 2.6=
(34.7) (11.1) (45.8) (31.8) (22.3) (54.2)
BURMA, UNION OF
average 1963-67 7.751 667 4,118 - 4,785 1.356 1.620
Average 1971-75 8,284 811 4,024 - 4,835 6,490 - 1.713
Annual Compound Growth Rate 1965-73 0.8 2.5 -0.3 - 0.1 21.6 0.7
(35.8) (-23.3) - (12.5) (47.8) (39.7) (87.5)
THAILAND
Average 1963-67 11,456 1,706 4,447 - 6,153 3.802 1.862
Averape 1970-74 13,237 1,808 5,227 - 7,035 7.301 1.880
Annual Compound Growth Rate 1965-72 2.1 0.8 2.3 - 1.9 9.8 0.1
{10.8) (82.2) - (93.0) (13.6) (-6.6) (7.0)
KORFA, REIULIC OF
Averare 1563-67 5,149 992 194 23 1,209 122.19 4. 62
Average 1970-74 5,713 1,101 78 15 1,194 205.85 4.784
Annual Compound Growth Rate 1965-72 1.5 1.5 -12.2 -5.9 -0.2 6.7 1.7
(96.6) (-102.8) (-7.1) (-13.3) (121.8) (-68.5) (113.3)
TATWAN
Average 19063-67 3,012 362 410 - 772 213.8 3,837
Average 1969-73 3,091 403 359 - 762 165.8 4,056
Annual Compound Growth Rate 1965-71 0.4 1.8 -2.2 - -0.2 -4.1 0.6
(205) (255) - (-50.0) (~452.8) (602.8) (150.0)

each Input.

/ This {ncludes tainfed area.

/ Refers to gross harvested area.
Yield per hectare was calculated on the basis of gross harvested area.
Data on arca and yield are from national source and are different from

a/ Figures in parentheses indicate the percent of increased in production

over the period vhich is attributable to

FAO figures.
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APPENDIX

The following formulas were used in calculating the area and yield

contribution to output growth, (Table 7) and the further breakdowm of land
area and yield (Table 5).

1.

Breakdown of source of change in rice output by area and yield,

a) due to change in area (%) compute_log a

Tog p 100

where: log a is (log of area 1971-75) - (log of area 1963-67).

log p is (log of production 1971-75) - (log of production
1963-67).

b) due to change in yield (%) compute as in la above but log of
yield figures is used in place of
Log of area,

Breakdown in the source of change in rice crop area into change in
land area and change in double cropped area.

a) due to change in land area (%)

ccmpute 1l a x 100
a

where: 1 a is (land area 1971-75) - (land area 1963-67)

a is (crop area 1971-75)- (crop area 1963-67)

b) due to change in double cropped area (%) compute as in 2a above
but double cropped area is used in place of land area,



APPENDIX (page 2)

3. Breakdown in the source of change in yield into better quality of land
and residual as a proxy for contribution of modern inputs,

a) due to better quality of land (%)

compute: o] x 100
y

where: q = (yield 1971-75) - _(q* 1963-67)
a 1963-67

y = (yield 1971-75) - (yield 1963-65)

q* 1963-67 = (yield of upland rice 1971-75 x area upland rice 1963-67)
+ (yield rainfed rice 1971-75 x area rainfed rice 1963-67)

+ (yield irrigated lst crop 1971-75 x area irrigated lst crop
1963-67)

+ (yield irrigated 2nd crop 1971-75 x area irrigated
2nd crop 1963-67)

a 1963-67 = wupland area 1963-67 + rainfed urea 1963-67
+ irrigated lst crop area 1963-67 + irrigated 2nd crop area
1963-67

b) due to residual (modern inputs) (%)

compute 100 - (_g_ x 100 )



